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(54) OPTICAL MODULATION ELEMENT, OPTJCAL 
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EXPOSURE DEVICE USING THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an opti- 
cal modulation element capable of widening a llght- 
transmittable wavelength rriBrgin and thus moderating 
film miekness accuracy, optical system Incorporation 
accuracy end vravelength accuracy of incident light, 
etc., and to provide an optical modulation element ar- 
ray and an exposure device using it 
SOLUTION: In the optical modulation element 21. a 
first planar substrata 23 and a movable thin fi Im 27 re- 
spectively provided with an interference Am and trans- 
parent to the light to be modulated are arranged in par- 
allel facing each other across a clearance 25, the mov- 
able thin film 27 is displaced to the first planer sub- 
strate 23 by electrostatic force generated by applying 
a voltage to planer electrodes 31 and 37 respectively 
provided on the first planer substrate 23 and the mov- 
able thin fiim 27 and a light quantity to be transmitted 
through or reflected from the movable thin film 27 is 
changed. On the opposite side of the first planar sub- 
strate 23 across the movable thin fim 27, a second 
planar substrate 47 provided with the interference film 



45 and transparent to the light to be modulated is par- 
altelly arranged facing each other across the clearance 
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* NOTICES* 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]To light which each is provided with an interference film and modulates, separate an opening and 
the placed opposite of the first transparent planar substrate and a movable thin film is carried out in parallel, 
According to electrostatic force generated by voltage impressing to a flat electrode provided in each of said 
first planar substrate and said movable thin film. It is an optical modulator to which said movable thin film is 
displaced to said first planar substrate, and light volume which penetrates or reflects said movable thin film 
is changed, An optical modulator having separated an opening and carrying out the placed opposite of the 
second transparent planar substrate in parallel to light which equips an opposite hand of said first planar 
substrate with an interference film, and is modulated on both sides of said movable thin film. 
[Claim 2]The optical modulator according to claim 1 said movable thin film's having the movable thin film 
side non-polar zone in which said flat electrode is not formed, and having the substrate side non-polar zone 
by which said flat electrode is not formed in a position to which said first planar substrate meets said 
movable thin film side non-polar zone. 

[Claim 3]An optical modulator array having made two or more optical modulators according to claim 1 or 2 

which formed said movable thin film in rectangular shape, and supported longitudinal direction both ends of 

said movable thin film approach in the direction which intersects perpendicularly with a longitudinal direction 

of said movable thin film, and installing them side by side on the same flat surface. 

[Claim 4]An exposure device comprising: 

The optical modulator array according to claim 3. 

A laser light source which irradiates said optical modulator array with an optical beam. 
A transportation device to which a vertical scanning direction which intersects perpendicularly with a 
scanning direction and this is made to carry out relative displacement of the emitted light from said optical 
modulator array to photosensitive materials exposed to said optical beam. 

[Claim 5]An exposure device comprising: 

The optical modulator array according to claim 3. 

A high-output laser light source which irradiates said optical modulator array with an optical beam. 
A condenser which condenses emitted light from said optical modulator array. 
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A transportation device to which a vertical scanning direction which intersects perpendicularly with a 
scanning direction and this is made to carry out relative displacement of the emitted light condensed by said 
condenser to photosensitive materials exposed to said optical beam. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In this invention, a movable thin film is displaced according to 
electrostatic force. 

Therefore, the quantity of the light which penetrates or reflects a movable thin film is changed, 
and it is related with the optical modulator which modulates light, an optical modulator array, 
and the exposure device using it. 

[0002] 

[Description of the Prior Art]An optical modulator is in the controlling element to which the 
amplitude of light, a phase, and frequency are changed in time. An optical modulator is changed 
by the outer field which impresses the refractive index of the substance which makes light 
penetrate to a substance, passes the optical phenomena of **, such as refraction, diffraction, 
absorption, and dispersion, and controls the luminous intensity which penetrates or reflects this 
substance eventually. The electromechanical optical modulator which carries out light 
modulation of the movable thin film produced by micro-machining to this one by carrying out 
mechanical movement according to electrostatic force is known. As this optical modulator, as 
shown, for example in drawing 14 (a), there are some which constructed the movable thin film 5 
which consists of the diaphram 3 which has the transparent movable electrode 1 and interference 
film via the supporter 7 on the planar substrate 1 1 which has the fixed electrode 9. 
[0003] As shown in drawing 14 (b), electrostatic force is generated between the electrodes 1 and 
9 by impressing predetermined driver voltage V 0 n between the two electrodes 1 and 9, and the 
movable thin film 5 is sagged in this optical modulator toward the fixed electrode 9. The optical 
characteristic of the element itself will change in connection with this, and an optical modulator 
will be in the transmission state which light penetrates. This is changed by controlling the 
luminous intensity emitted from a light modulation part, for example using the Fabry-Perot 
interference. The movable thin film 5 will carry out elastic restoration by on the other hand 
impressing non-driver voltage, such as making impressed electromotive force into zero, and an 
optical modulator will be in the reflection conditions which reflect light. Thus, light modulation 
which serves as ** by impression of driver voltage, and serves as dark by impression of non- 
driver voltage at the incident light introduction side of an optical modulator, for example is 
realized. Since the movable thin film 5 is driven by electrostatic induction according to this kind 
of optical modulator, a high-speed response is attained compared with the conventional liquid 
crystal type optical modulator. 



[0004]Here, the fundamental light modulation operation using the above Fabry-Perot 
interference is explained. In the Fabry-Perot interference, incident light repeats reflection and a 
penetration, and is divided into many beams of light, and these become parallel mutually. In 
infinite distance, transmitted light overlaps and it interferes in it. If the angle which the altitude 
of a field and incident light make is set to theta, the optical path difference between adjacent 2 
beams of light will be given by x=nt-costheta. However, n is a refractive index for the second 
page, and t is an interval. If the optical path difference x is an integral multiple of the wavelength 
lambda, penetrated radiation suits in slight strength mutually, and if it is odd times the half-wave 
length, it will negate each other. That is, it will be 2nt-costheta=mlambda if there is no phase 
change in the case of reflection. ~ (1) It becomes the transmitted light maximum and is 2nt- 
costheta=(2m+l) lambda/2. ~(2) It becomes the transmitted light minimum. 
However, m is an integer. That is, in the Fabry-Perot interference by which reflection and a 
penetration are repeated, only the wavelength of the abbreviated integral multiple of an opening 
penetrates an optical modulator between parallel mirrors. 

[0005]Here, the case where light modulation of the emitted light from the ultraviolet ray lamp for 
black lights (low-pressure mercury lamp) is carried out is considered, using the optical modulator 
of composition of being shown in drawing 14 . When the fluorescent substance for black lights is 
applied to the wall of a low-pressure mercury lamp, the spectral characteristic of the 
luminescence ultraviolet rays comes to have center wavelength lambdao near 360 nm, as shown, 
for example in drawing 15 . 

[0006]Here, the interval of the opening 10 when non-driver voltage V 0 ff is impressed to an 
optical modulator is set to toff (state of drawing 14 (a)). The interval of the opening 10 when 
driver voltage Von is impressed is set to ton (state of drawing 14 (b)). ton and toff are set up as 
follows. 

m[ ton =l/2xlambdao=180nmtoff =3/4xlambdao=270nm, however ] =1 lambdao: Consider it as 
the center wavelength of ultraviolet rays. 

[0007] The movable thin film 5 and the interference film 3 set the light intensity reflectance to R= 
0.85. The opening 10 is made into air or rare gas, and sets the refractive index to n= 1. Since 
ultraviolet rays are collimated, let the incidence angle theta which enters into an optical 
modulator be abbreviated zero. The light transmittance to the wavelength of the optical 
modulator at this time comes to be shown in drawing 16 . That is, when non-driver voltage V 0 ff 
is impressed between the movable electrode 1 and the fixed electrode 9, the optical modulator 21 
is set to toff =270nm, and does not make most ultraviolet rays which have center wavelength 
lambdao near 360 nm shown in drawing 15 penetrate. On the other hand, when driver voltage is 
impressed and it is set to ton=180nm, it comes to make the ultraviolet rays which have center 
wavelength lambdao near 360 nm penetrate. 
[0008] 

[Problem(s) to be Solved by the Invention]However, in the above-mentioned conventional 
optical modulator, when performing light modulation in interference mode, there is a tendency 
for the wavelength band (wavelength margin) which makes light transmission possible to 
become very narrow. In the case of the above-mentioned optical modulator, the wavelength 
spectrum near [ which is shown in drawing 16 ] the wavelength of 360 nm, i.e., the wavelength 
band which can be in a light transmission state, serves as very sharp distribution, and it becomes 
narrow [ a penetration belt ]. Therefore, in order to operate an optical modulator correctly with 
this narrow penetration belt, The thickness precision at the time of optical modulator 
manufacture, optical system inclusion accuracy, the precision of wave length of incident light, 



etc. must be maintained with high precision, and when an error which exceeds this narrow 
penetration belt arises temporarily, it becomes impossible for an optical modulator to perform 
ON-and-OFF control of light. For this reason, there was a problem that the manufacturing cost of 
an optical modulator increased. 

[0009]This invention can make large the wavelength margin which was made in view of such a 
situation and whose ON-and-OFF abnormal conditions of light are attained, and by that cause, It 
provides and has an optical modulator which can loosen thickness precision, optical system 
inclusion accuracy, the precision of wave length of incident light, etc., an optical modulator 
array, and an exposure device using it, and aims at planning the reduce manufacturing cost of an 
optical modulator. 
[0010] 

[Means for Solving the ProblemjThe optical modulator according to claim 1 concerning this 
invention for attaining the above-mentioned purpose, To light which each is provided with an 
interference film and modulates, separate an opening and the placed opposite of the first 
transparent planar substrate and a movable thin film is carried out in parallel, According to 
electrostatic force generated by voltage impressing to a flat electrode provided in each of said 
first planar substrate and said movable thin film. It is an optical modulator to which said movable 
thin film is displaced to said first planar substrate, and light volume which penetrates or reflects 
said movable thin film is changed, To light which equips an opposite hand of said first planar 
substrate with an interference film, and is modulated on both sides of said movable thin film, an 
opening was separated and the placed opposite of the second transparent planar substrate was 
carried out in parallel. 

[001 1 ] At this optical modulator, a penetration belt of a comparatively large wavelength band 
comes to be obtained by separating an opening to an interference filter (Fabry Perot filter) which 
consists of a movable thin film and the first planar substrate, and combining with it in series the 
second planar substrate that has an interference film. That is, in a case where a movable thin film 
and the first planar substrate are made to penetrate conventionally, can make large a narrow 
wavelength margin which makes light transmission possible, and by this, Thickness precision, 
optical system inclusion accuracy, precision of wave length of incident light, etc. can be 
loosened, and, as a result, a manufacturing cost of an optical modulator can be low held down 
now. 

[0012]Said movable thin film has the movable thin film side non-polar zone in which said flat 
electrode is not formed, and the optical modulator according to claim 2 has the substrate side 
non-polar zone by which said flat electrode is not formed in a position to which said first planar 
substrate meets said movable thin film side non-polar zone. 

[0013]In this optical modulator, since it is not necessary to provide a transparent electrode in a 
light transmission part of a movable thin film and the first planar substrate, the absorption of 
light by a transparent electrode can be made for there to be nothing. Modification, destruction, 
etc. by generation of heat of a transparent electrode produced when light intensity is strong can 
be prevented, and a high speed drive of an optical modulator and reinforcement are realized. 
Since the absorption of light is lost, intensity of the transmitted light can also be increased. If 
said interference film is used as a multilayer interference film which laminated dielectric 
materials with a high refractive index, and dielectric materials with a low refractive index by 
turns, interference by catoptric light and the transmitted light in an interface between each class 
will be suited in slight strength, and high reflectance and high transmissivity will come to be 
obtained. If a multilayer interference film of said first planar substrate and a multilayer 



interference film of said second planar substrate should have the symmetrically same laminated 
structure for said movable thin film, they can enlarge change of a transmitted light amount by 
movement of a flexible thin film. 

[00 14] On the same flat surface, two or more optical modulators according to claim 1 or 2 which 
formed said movable thin film in rectangular shape, and supported longitudinal direction both 
ends of said movable thin film were made to approach in the direction which intersects 
perpendicularly with a longitudinal direction of said movable thin film, and the optical modulator 
array according to claim 3 installed them side by side. 

[0015]At this optical modulator array, light modulation of one line can be simultaneously carried 
out with a pixel number of the number of side-by-side installation and the same number of an 
optical modulator by making two or more optical modulators approach in the direction which 
intersects perpendicularly with a longitudinal direction of a movable thin film, and installing 
them side by side on the same flat surface. 

[0016]claim 4 written this invention is characterized by it having been alike and comprising the 
following. 

The optical modulator array according to claim 3. 

A laser light source which irradiates said optical modulator array with an optical beam. 
A transportation device to which a vertical scanning direction which intersects perpendicularly 
with a scanning direction and this is made to carry out relative displacement of the emitted light 
from said optical modulator array to photosensitive materials exposed to said optical beam. 

[0017]In this exposure device, direct-scanning exposure of the photosensitive materials can be 
carried out by irradiating this optical modulator array with light from a laser light source, and 
irradiating photosensitive materials using the optical modulator array according to claim 3, 
carrying out relative displacement of the light emitted from an optical modulator to 
photosensitive materials by a transportation device. 

[0018]claim 5 written this invention is characterized by it having been alike and comprising the 
following. 

The optical modulator array according to claim 3. 

A high-output laser light source which irradiates said optical modulator array with an optical 
beam. 

A condenser which condenses emitted light from said optical modulator array. 
A transportation device to which a vertical scanning direction which intersects perpendicularly 
with a scanning direction and this is made to carry out relative displacement of the emitted light 
condensed by said condenser to photosensitive materials exposed to said optical beam. 

[0019]In this exposure device, this optical modulator array is irradiated with light from a laser 
light source using the optical modulator array according to claim 3, Direct-scanning exposure of 
the photosensitive materials can be carried out, and an optical system almost near adhesion 
exposure can consist of glaring to photosensitive materials, making light emitted from an optical 
modulator condense by a condenser, and carrying out relative displacement of this emitted light 
to photosensitive materials by a transportation device. 
[0020] 

[Embodiment of the Invention] Hereafter, the optical modulator concerning this invention, an 
optical modulator array, and the suitable embodiment of the exposure device using it are 
described in detail with reference to drawings. The sectional view showing the composition of 



the optical modulator which drawing 1 requires for this invention, the top view of the optical 
modulator which showed drawing 1 drawing 2 , and drawing 3 are the explanatory views 
showing the example of a layer system of an optical modulator. 

[0021] As shown in drawing 1 , the optical modulator 21 has the interference film 22 and the flat 
electrode 37 on the upper surface, and to the light to modulate on it The first transparent planar 
substrate 23, The movable thin film 27 which separates the opening 25 formed in the upper 
surface of this first planar substrate 23 by methods, such as formation, removal, etc. of a sacrifice 
layer, and has an interference film and the flat electrode (movable electrode) 31, The still more 
nearly same opening 26 was separated and the undersurface is equipped with the second 
transparent planar substrate 47 as basic constitution to the light which has the interference film 
45 and is modulated. The placed opposite of these first planar substrates 23, the movable thin 
film 27, and the second planar substrate 47 of each other is carried out in parallel. The movable 
thin film 27 forms movable thin film 27 the very thing with an interference film, and also may 
form an interference film separately. The case where movable thin film 27 self consists of 
interference films in this embodiment is explained to an example. 

[0022]The 1st planar substrate 23 is the structure which laminated the glass substrate 35, the 
interference film 22, and the flat electrode (fixed electrode) 37 one by one, and the supporter 28 
is set up on the fixed electrode 37. The supporter 28 set up on the fixed electrode 37 of the first 
planar substrate 23 consists of a silicon oxide, a silicon nitride, ceramics, resin, etc., for example, 
and is joining the upper surface to the movable thin film 27. The movable thin film 27 has 
elasticity, is formed in rectangular shape, and has structure which longitudinal direction both 
ends were joined to the supporter 28, and laminated the flat electrode (movable electrode) 31 on 
the diaphram 33 which is an interference film. 

[0023] Although the movable electrode 3 1 and the fixed electrode 37 consist of aluminum, the 
metallic compounds which have metal or conductivity can be used for them. As this metal, metal 
thin films, such as gold, silver, palladium, zinc, and copper, can be used, and the compound of 
these metal, etc. can be used as metallic compounds. Although the diaphram 33 consists of TiC>2, 
a silicon nitride, various oxides, a nitride, etc. can be used for it. When providing an interference 
film in the movable thin film 27 separately, in addition to this, semiconductors, such as 
polysilicon besides being ceramics, resin, etc., an insulating silicon oxide, etc. can be used. 
[0024]The second planar substrate 47 is that the undersurface by the side of the interference film 
45 is supported via the supporter 29 which has the interference film 45 in the field (undersurface 
of drawing 1 ) which meets the movable thin film 27, and was set up on the movable electrode 31 
of the longitudinal direction both ends of the movable thin film 27, The placed opposite is 
carried out in parallel to the first planar substrate 23 and the movable thin film 27. This second 
planar substrate 47 has structure which laminated the interference film 45 to the glass substrate 
36. Here, resin, such as polyethylene terephthalate and polycarbonate, etc. can be used for the 
above-mentioned glass substrates 35 and 36, for example besides glass. 
[0025]Two or more movable thin films 27 approach in the direction which intersects 
perpendicularly with the longitudinal direction of the movable thin film 27 for example, on the 
same flat surface, and the optical modulator 21 is formed in one-dimensional array form, as 
shown in drawing 2 . The size in each part in drawing 2 can be formed, for example at a= 150 
micrometers, b= 20 micrometers, and about c= 50 micrometers. 

[0026]The substrate side non-polar zone 43 which has formed the thin film side non-polar zone 
41 which divides the movable electrode 3 1 formed in this movable thin film 27 to longitudinal 
direction both ends in the longitudinal direction center section of the movable thin film 27, and 



also meets the first planar substrate 23 at this thin film side non-polar zone 41 is formed. That is, 
the polar zone did not exist, but to the these thin film side non-polar zone 41 and the substrate 
side non-polar zone 43, the longitudinal direction center section of the movable thin film 27 and 
the field of the first planar substrate 23 corresponding to this have removed positively the 
movable electrode 31 and the fixed electrode 37, as shown in drawing 1 and drawing 2 . Since 
this thin film side non-polar zone 41 and the substrate side non-polar zone 43 turn into a light 
transmission section and perform light modulation, it becomes unnecessary for the optical 
modulator 21 to provide a transparent electrode in a light transmission part, and it can raise 
conductivity and light transmittance. 

[0027] As mentioned above, the optical modulator 21 of this embodiment, It has composition 
which has arranged the movable thin film 27 which has the interference film 22 and the 
interference film 45 between the glass substrate 35 of the first planar substrate 23, and the glass 
substrate 36 of the second planar substrate 47, and has an interference film across the openings 
25 and 26 between the interference film 22 and interference film 45 in it. Thus, the movable thin 
film 27 had the openings 25 and 26 in the first planar substrate 23 and second planar substrate 47 
side, and has met the interference film 22 and the interference film 45. 
[0028]These interference films 22 and 45 consist of a multilayer interference film, and can be 
used as the multilayer film of Ti0 2 /Si0 2 formed, for example by vacuum evaporation or weld 
slag. The example of the lamination of these interference films 22 and 45 was shown in drawing 
3. According to this embodiment, Ti0 2 is used for the movable thin film 27, and it is considered 
as the multilayer interference film which provided a total of seven layers of layers of Ti0 2 and 
Si0 2 with the interference film 22, the interference film 45, and the whole movable thin film 27. 
That is, the laminated structure serves as glass / Si0 2 /Ti0 2 /Si0 2 / opening / Ti0 2 / opening / 
Si0 2 /Ti0 2 /Si0 2 / glass from the first planar substrate side at order, as shown in drawing 3 (b). 
These interference films 22 and 45 are laminating dielectric materials with a high refractive 
index, and dielectric materials with a low refractive index by turns, suit interference by the 
catoptric light and the transmitted light in an interface between each class in slight strength, and 
do so the function as what is called a half mirror according to the multilayer film cross protection 
from which high reflectance and high transmissivity are obtained. 

[0029]The interference film 22 of the first planar substrate 23 and the interference film 45 of the 
second planar substrate 47 have the symmetrically same laminated constitution for the movable 
thin film 27. Thereby, change by movement of the movable thin film of a transmitted light 
amount can be enlarged. 

[0030]Next, light modulation operation of the optical modulator 21 of the above-mentioned 
composition is explained. The sectional view explaining operation of an optical modulator was 
shown in drawing 4 . In the optical modulator 21 , from the state shown in drawing 4 (a), if driver 
voltage Von is impressed between the movable electrode 3 1 of the movable thin film 27, and the 
fixed electrode 37 of the first planar substrate 23, electrostatic induction of the electric charge 
will be carried out to the movable thin film 27. Elastic deformation of the movable thin film 27 is 
carried out by the electrostatic force which acts between this electric charge and the fixed 
electrode 37 of the first planar substrate 23, and as shown in drawing 4 (b), when adsorption 
power works to the first planar substrate 23 side, according to it, it is displaced so that the first 
planar substrate 23 upper surface may be approached. On the other hand, if non-driver voltage 
Voff is impressed and the adsorption power by electrostatic force is lost, as shown in drawing 4 
(a), again, the center section of the movable thin film 27 will surface in the position which 
separated the opening 25, and will be arranged by elastic return force. In the optical modulator 



21, the light of a specific wavelength band is selectively penetrated or reflected by the 
displacement movement of this movable thin film 27, or elastic restoration operation. 
[0031]That is, the optical modulator 21 is penetrating or reflecting the introduced light by 
changing the synthetic wave intensity in which the distance between the parallel mirrors which 
consist of the movable thin film 27 and the interference films 22 and 45 was changed, 
respectively, and was repeatedly reflected with displacement of the movable thin film 27 
between parallel mirrors. That is, light modulation using the Fabry-Perot interference is 
performed. 

[0032] At this optical modulator 21, light modulation is performed in interference mode by 
displacing the movable thin film 27.Thereby, it is low driver voltage (severalV - ** 10V), and 
they are tens. The high-speed operation of [nsec] becomes possible. As long as it fulfills the 
conditions of interference, which combination may be sufficient as the light intensity reflectance 
of the interval of the openings 25 and 26, a refractive index, the movable thin film 27, and the 
interference films 22 and 45. If the interval of the openings 25 and 26 is continuously changed 
with the value of impressed electromotive force, it is possible to change the center wavelength of 
a transmission spectrum arbitrarily. It is also possible for this to control a transmitted light 
amount continuously. That is, the gradation control by impressed electromotive force becomes 
possible. The optical modulator 21 of this embodiment can consist of second planar substrate 47 
sides also as a transmission type optical modulator made to penetrate to the first planar substrate 
23 side through the movable thin film 27 also as a reflection type optical modulator which 
reflects in the incident light introduction side and returns the light which entered. 
[0033]The optical modulator 21 by this embodiment is separating the opening 26 and combining 
with up-and-down series the second planar substrate 47 that has the interference film 45 in 
addition to the light modulation operation by the optical modulator of composition, 
conventionally which consists of the movable thin film 27 and the first planar substrate 23, A 
penetration belt conventionally larger than the case of composition can be obtained now. 
Therefore, the wavelength margin which makes possible light transmission which was narrow 
only by making the movable thin film 27 and the first planar substrate 23 arrange and penetrate 
conventionally can be set up widely. Thereby, thickness precision, optical system inclusion 
accuracy, the precision of wave length of incident light, etc. can be loosened, and, as a result, the 
manufacturing cost of an optical modulator can be held down low. 

[003 4] According to the optical modulator 21 of the above-mentioned composition, in a light 
modulation part, the absorption of light by the polar zone can be made for there to be nothing, 
the modification, destruction, etc. by generation of heat of the polar zone produced when light 
intensity is strong can be prevented, and the high speed drive of the optical modulator 21 
becomes possible, and reinforcement can be realized. Since the absorption of light in a light 
transmission part is lost, the intensity of the transmitted light can also be increased. Since the 
movable thin film was formed in rectangular shape and the electrode was removed by making all 
the center sections into the thin film side non-polar zone 41, when two or more optical 
modulators are arranged to one dimension, an electrode does not intervene among the light 
transmission sections of an adjoining optical modulator, but picture element density at the time 
of using for an exposure device and a display can be made highly minute. 
[0035]Here, by forming the second planar substrate 47 explains signs that the wavelength margin 
whose light transmission becomes possible becomes large, one by one with reference to drawing 
5_- drawing 9 about the result searched for with the simulation. Drawing 5 is a graph which 
shows the transmissivity characteristic of the light to the optical modulator provided with the 



interference film of a total of seven layers shown in drawing 1 , O seal is the characteristic at the 

time of impressing driver voltage to an electrode among a figure, and - seal shows the 

characteristic at the time of impressing non-driver voltage. In this case, as wavelength of about 

lambda= 405 nm is used as the penetration belt and the structure of the interference film was 

shown in drawing 3 (b), by the time of impression of the non-driver voltage to an electrode, it is 

from the 2nd planar substrate 47 side, [0036] Si0 2 (145 nm) 

Ti0 2 (21 nm) 

Si0 2 (33 nm) 

Opening (101 nm) 

Ti0 2 (42 nm) 

Opening (101 nm) 

Si0 2 (17nm) 

Ti0 2 (25 nm) 

Si0 2 (148 nm) 

It becomes. And in the time of impression of driver voltage, the opening 25 of the movable thin 
film 27 bottom will be lost. The optical modulator here was calculated as lambda= 405 nm in all 
the wavelength bands supposing the wavelength of incident light being 405 nm. 
[0037]However, the refractive index n is glass. n= n=1.5151SiO 2 n=1.4703TiO 2 2.3493 opening It 
is being referred to as n= 1 . 

[0038]In calculation of the transmissivity characteristic shown in drawing 5 , drawing 6 is a graph 
which shows the result changed at once from 2 times which made the standard convergence 
calculation at the time of deciding the combination of each thickness, in this transmissivity 
characteristic, the wavelength margin whose light transmission becomes possible is markedly 
alike, and becomes large, and the light modulation of it becomes possible to a broad wavelength 
band. 

[0039]Drawing_7_is a graph which shows the transmissivity characteristic of the light at the time 
of making composition of the interference film of an optical modulator into 9 lamination shown 
in drawing 3 (c), and drawing 8 is a graph which shows the transmissivity characteristic of the 
light at the time of considering it as 15 lamination shown in drawing 3 (d). Also in which 
transmissivity characteristic, the wavelength margin whose light transmission becomes possible 
has spread. 

[0040] On the other hand, drawing 9 is the graph which asked for the wavelength characteristic in 

the optical modulator provided with the multilayer interference film of the former for 

comparison with the simulation, and shows the wavelength characteristic at the time of 

constituting an optical modulator from an interference film of a total of seven layers. The 

lamination in this case and the thickness of each class are as follows. 

Ti0 2 (43.1 nm) 

Si0 2 (68.9 nm) 

Ti0 2 (43.1 nm) 

Opening (101.3 nm) 

Si0 2 (137.8 nm) 

Ti0 2 (43.1nm) 

Si0 2 (68.9 nm) 

Ti0 2 (43.1 nm) 

[0041]In the case of the conventional optical modulator which uses as a penetration belt about 
lambda= 405 nm shown in drawing 9 . in the time of impression of non-driver voltage (voltage 



OFF state), the wavelength margin which can be in a light transmission state serves as very sharp 
distribution, and the multilayer film structure becomes narrow [ a penetration belt ]. 
[0042]From the result of these simulations, the wavelength margin from which the light 
transmittance state by an optical modulator with the second planar substrate is acquired, as 
compared with the wavelength margin of the optical modulator which does not have the second 
conventional planar substrate, an optical modulator with the second planar substrate can check 
that a wavelength margin is markedly alike and becomes large. 

[0043]Since the wavelength margin whose light transmission becomes possible is widely set up 
focusing on the wavelength of about 405 nm according to the transmissivity characteristic of the 
light of the optical modulator which has the second planar substrate to have explained above, 
Even if a transmissivity characteristic changes with various error factors, such as thickness 
precision of each interference layer, optical system inclusion accuracy, and precision of wave 
length of incident light, somewhat at the time of optical modulator manufacture and use, Change 
of a transmissivity characteristic does not influence the light modulation function of an optical 
modulator greatly promptly, and it is stored in the tolerance level which does not have influence 
in actual use. Therefore, the precision prescribe at the time of optical modulator manufacture and 
attachment can be eased, and reduction of a manufacturing cost is achieved. 
[0044]Although the above-mentioned optical modulator formed the movable thin film 27 with 
rectangular shape and the case where the width in the arbitrary positions of a longitudinal 
direction was equal was explained, the optical modulator 21 may form the narrow part 59 
narrower than the width of a center section near the longitudinal direction both ends of the 
movable thin film 27, as shown in drawing 10 . The size in each part in drawing 10 can be formed 
at a= 150 micrometers, b= 20 micrometers, c= 50 micrometers, d= 1 0 micrometers, and about e= 
100 micrometers, for example. 

[0045]Where modification of the longitudinal direction center section of the movable thin film 
27 in which light is penetrated or reflected is made small by forming such a narrow part 59, the 
movable thin film 27 whole can be displaced in parallel to the first planar substrate 23. When this 
narrow part 59 changes, compared with the case where the movable thin film 27 of homogeneous 
line width is changed, the driving force of the movable thin film 27 decreases, and improvement 
in the speed of driving speed is attained. 

[0046]Next, the exposure device which used the above-mentioned optical modulator 21 as an 
optical modulator array is explained. The perspective view showing the outline of the important 
section composition of the exposure device which requires drawing 1 1 for this invention, and 
drawing 12 are an expansion perspective view of the optical modulator array shown in drawing 
11, and an expansion perspective view of other exposure parts constituted using the optical 
modulator of the above [ drawing 13 1. This embodiment explains the example which applied the 
optical modulator array constituted by the optical modulator 21 to the exposure device 61 for 
photoresist used for a liquid crystal color filter manufacturing process. 
[0047]This exposure device 61 is provided with the following. 

The flat stage 65 of the vertical mold which sticks to the side and holds the exposure object thing 
63 as shown in drawing 1 1 . 

The exposure head 71 which carries out scanning exposure of the exposure object thing 63 by the 
optical beam (ultraviolet laser radiation) 69 modulated according to the image data 67. 
The flat stage 65 is supported by the X axial direction movable by the guide which is not 
illustrated, and the exposure head 71 is illustrated and twisted and, gyte therefore, is supported 
by Y shaft orientations movable. 



[0048]The nut 73 of the couple is being fixed to the rear-face corner of the flat stage 65, and the 
leading screw 77 is screwed in the female screw part 75 of the nut 73. The drive motor 79 made 
to rotate the leading screw 77 is attached to one end of the leading screw 77, and the drive motor 
79 is connected to the motor controller 81. And the flat stage 65 is moved to step form with 
rotation of the leading screw 77 by this drive motor 79 in an X axial direction. 
[0049]The nut 83 of the couple is being fixed to the lower part of the exposure head 71, and the 
leading screw 87 is screwed in the female screw part 85 of the nut 83. The drive motor 89 made 
to rotate the leading screw 87 is connected with one end of the leading screw 87 via the belt, and 
the drive motor 89 is connected to the motor controller 81. And reciprocation moving of the 
exposure head 71 is carried out to Y shaft orientations with rotation of the leading screw 87 by 
this drive motor 89. The nut 83, the leading screw 87, and the drive motor 89 constitute the 
transportation device 90. 

[0050]The exposure object thing 63 in this case forms the color resist film which made 
ultraviolet curing resin distribute the paints of R color for example on the glass substrate in 
which the black matrix was formed. If this exposure object thing 63 is irradiated with the 
ultraviolet laser radiation 69, only the portion with which the ultraviolet laser radiation 69 of the 
color resist film was irradiated will harden, and the color filter part of R color will be formed. 
[0051] As shown in drawing 12 , the exposure head 71, Carry out parallel Guanghua of the laser 
beam which entered from the high power ultraviolet laser light source 91 and the ultraviolet laser 
light source 91 to an X axial direction, and. The laser beam modulated by the lens 93 completed 
in the direction which intersects perpendicularly with an XY plane, the optical modulator array 
95 which modulates the laser beam which entered for every pixel according to the image data 67, 
and the optical modulator array 95 on the surface of the exposure object thing 63 magnification. 
It has the exposure unit which comprised the zoom lens 97 which changes and carries out image 
formation. 

[0052]Each member which constitutes this exposure unit is stored in the casing 99, and the 
ultraviolet laser radiation 69 emitted from the zoom lens 97 passes the opening which was 
provided in the casing 99 and which is not illustrated, and is irradiated by the surface of the 
exposure object thing 63. It is moved in accordance with an optic axis by the drive motor which 
is not illustrated, and the zoom lens 97 adjusts image formation magnification with it. Although 
the zoom lens comprised a combination lens, in order to illustrate simply, only one lens was 
usually shown. 

[0053]The ultraviolet laser light source 91, the lens 93, the optical modulator array 95, and the 
zoom lens 97 are being fixed to the casing 99 by the holddown member which is not illustrated, 
and the zoom lens 97 is supported by the optical axis direction movable by the guide which is not 
illustrated. The ultraviolet laser light source 91 and the optical modulator array 95 are connected 
to the controller which controls these via the driver which is not illustrated respectively and 
which is not illustrated. 

[0054] A gallium nitride semiconductor laser is used for the ultraviolet laser light source 91, for 
example. If the gallium nitride semiconductor laser which has a luminous region of broadcloth 
area is used, the light of an ultraviolet region with a wavelength of about 405 nm will be 
obtained by high power, and will become advantageous to a scan at a high speed. 
[005 5] As photosensitive materials, the photosensitive materials for liquid crystal color filter 
formation, the photoresist for printed-circuit board manufacture, the photosensitive cylinder for 
printing, the cylinder that applied the photosensitive material for printing, and the lithographic 
plate for printing can be mentioned. These photosensitive materials can be held on the 



monotonous stage of a vertical mold. By holding photosensitive materials on the monotonous 
stage of a vertical mold, since the deflection of photosensitive materials can be suppressed to the 
minimum, highly precise exposure is achieved. 

[0056]On the same flat surface, two or more above-mentioned optical modulators 21 are made to 
approach in the direction which intersects perpendicularly with the longitudinal direction of the 
movable thin film 27, and the optical modulator array 95 is installing them side by side. 
According to this embodiment, the side-by-side installation direction turns into a sliding 
direction (the direction of X) of drawing 12 . Therefore, when relative displacement of the 
exposure object thing 63 and the exposure head 71 is carried out towards intersecting 
perpendicularly in this side-by-side installation direction (the direction of Y), with the pixel 
number of the number of side-by-side installation and the same number of the optical modulator 
21 . With the characteristic which can expose one line in the exposure object thing 63, and the 
optical modulator 21 has also in this case, high-speed exposure is attained and reinforcement can 
be realized. The size in each part in drawing 12 can be formed at f = 2 mm (lOOOch) and about g= 
20 micrometers, for example. 

[0057]Next, operation of the exposure device of this embodiment is explained. In order to 
irradiate with and expose the ultraviolet laser radiation 69 in the exposure object thing 63, the 
image data 67 is inputted into the controller (not shown) of the optical modulator array 95, and is 
once memorized by the frame memory in a controller, the concentration of each pixel from 
which this image data 67 constitutes a picture ~ a binary (namely, existence of record of a dot) ~ 
a table - the bottom is data. 

[0058]Parallel Guanghua is carried out to an X axial direction with the lens 93, and it converges 
in the direction which intersects perpendicularly with an XY plane, and the laser beam emitted 
from the ultraviolet laser light source 91 of the exposure head 71 enters into the optical 
modulator array 95. The laser beam which entered is simultaneously modulated by the optical 
modulator array 95. Image formation of the modulated laser beam is carried out to the surface of 
the exposure object thing 63 by the zoom lens 97. 

[0059] At the time of an exposure start, the exposure head 71 is moved to an exposure start 
position (starting point of an X axial direction and Y shaft orientations). If the motor controller 
81 rotates the drive motor 89 with constant speed, the leading screw 87 will also rotate with 
constant speed, and the exposure head 71 will be moved to Y shaft orientations with constant 
speed with rotation of the leading screw 87. 

[0060] With movement to Y shaft orientations of the exposure head 71, the image data 67 
memorized by the frame memory, By one line, by the pixel unit of the number of the optical 
modulators 21 of the optical modulator array 95, and the abbreviated same number, it is read in 
order and ON-and-OFF control of each of the optical modulator 21 is carried out according to the 
read image data 67. The ultraviolet laser radiation 69 emitted from the exposure head 71 by this 
is turned on and off, the exposure object thing 63 is exposed by the X axial direction by the pixel 
unit of the number of the optical modulators 21, and the abbreviated same number, and scanning 
exposure of it is carried out to Y shaft orientations by one line. 

[0061]If the exposure head 71 reaches the end of the exposure object thing 63, the exposure head 
71 will return to the starting point of Y shaft orientations. And if the motor controller 81 rotates 
the drive motor 79 with constant speed, the leading screw 77 will also rotate with constant speed, 
and 1 step moving of the flat stage 65 will be carried out to an X axial direction with rotation of 
the leading screw 77. The above horizontal scanning and vertical scanning are repeated, and the 
exposure object thing 63 is exposed by the picture. Although the example which the exposure 



head 71 is returned to the starting point above, and is exposed only on an outward trip was 
explained, it may be made to expose also in a return trip. Thereby, exposure time can be 
shortened further. 

[0062] According to this exposure device 61, towards intersecting perpendicularly in the side-by- 
side installation direction of the optical modulator in the optical modulator array 95, By carrying 
out relative displacement of the optical modulator array 95 to photosensitive materials by a 
transportation device, direct-scanning exposure of the photosensitive materials which have 
sensitivity in an ultraviolet region can be carried out based on digital data, and high-speed 
exposure is enabled also in this case, and reinforcement can be realized. 
[0063]Since the high-output ultraviolet laser light source is used, based on digital data, direct- 
scanning exposure of the exposure object thing which has sensitivity in an ultraviolet region can 
be carried out. Thereby, compared with the exposure device of a proximity method, (1) mask is 
unnecessary, and cost can be reduced. Productivity improves by this and also also for production 
of a small-quantity various kind, [ suitable ] (2) Since direct-scanning exposure is carried out 
based on digital data, data can be amended suitably, Highly precise maintaining structure, an 
alignment mechanism, and a temperature stabilization mechanism become unnecessary, (3) 
ultraviolet laser light sources which can aim at the cost cut of a device are cheap compared with 
an extra-high pressure mercury lamp, it excels in endurance, and (4) ultraviolet laser light 
sources which can reduce a running cost have the advantage that driver voltage can reduce power 
consumption low. 

[0064] Since the optical modulator 21 which has the thin film side non-polar zone 41 and the 
substrate side non-polar zone 43 is used, compared with the composition using the optical 
element (PLZT element) and liquid crystal optical shutter (FLC) which modulate the 
conventional transmitted light, the absorptivity of incident light can be boiled markedly, and can 
be lessened, and the endurance to ultraviolet laser radiation can be improved. As a result, even if 
it is a case where it exposes by using high-output ultraviolet laser for a light source, the 
reliability of an exposure device can be raised substantially. Since the optical modulator array 95 
is driven by electric machine operation using electrostatic force, it is low driver voltage (V - 
several [ several ] 1 0V), and working speed is tens, [nsec] It is obtained to a grade and, in 
addition to the effect that above-mentioned endurance improves, high-speed exposure is also 
attained. 

[0065]Although this embodiment explained the example which makes a high-output laser light 
source the ultraviolet laser light source constituted from a GaN system semiconductor laser and a 
multiplexing optical system, a high-output laser light source may consist of either of the 
following (1) - (4). (1) Gallium nitride semiconductor laser. The gallium nitride semiconductor 
laser which has a luminous region of broadcloth area preferably. (2) Semiconductor laser 
excitation solid state laser which carries out wavelength changing of the laser beam produced by 
exciting a solid state laser crystal with the semiconductor laser, and emits it by a light 
wavelength sensing element. (3) Fiber laser which carries out wavelength changing of the laser 
beam produced by exciting a fiber with the semiconductor laser, and emits it by a light 
wavelength sensing element. (4) The above (1) High-output laser light source which comprised 
one of the laser light sources or lamp light sources, and multiplexing optical systems of - (3). In 
this embodiment, although the light source was made into ultraviolet radiation, they may be 
infrared rays and which visible and ultraviolet wavelength. 

[0066]Although the above-mentioned embodiment explained the composition which carries out 
focus control of the modulated light which passed the optical modulator array 95, and irradiates 



the exposure object thing 63 with it with the zoom lens 97, As shown, for example in drawing 
13, the exposure device 61 allocates the condensers 113, such as a rod lens, between the optical 
modulator array 95 and the photoconductive drum 111, makes the modulated light from the 
optical modulator array 95 condense by this condenser 113, and may be exposed in an exposure 
object thing. 

[0067] Since according to such composition the modulated light from the optical modulator array 
95 is condensed by the condenser 113 and it exposes directly to photosensitive materials, there is 
an advantage which can constitute the optical system near abbreviated adhesion exposure. 
Although the example using the photoconductive drum which is an outer drum as a 
transportation device was explained here, it is good also as composition using other 
transportation devices, such as not only this but an inner drum, a flat bed, etc. 
[0068] 

[Effect of the Invention] Since according to the optical modulator concerning this invention the 
opening was separated and the placed opposite of the second planar substrate that equips with an 
interference film the opposite hand of the first planar substrate that sandwiches a movable thin 
film, and light penetrates was carried out in parallel as explained to details above, In the case 
where a movable thin film and the first planar substrate are made to penetrate conventionally, the 
narrow wavelength margin can be made large, thickness precision, optical system inclusion 
accuracy, the precision of wave length of incident light, etc. can be loosened, and, as a result, the 
manufacturing cost of an optical modulator can be low held down now. And since according to 
the optical modulator array concerning this invention two or more optical modulators were made 
to approach in the direction which intersects perpendicularly with the longitudinal direction of a 
movable thin film and were installed side by side on the same flat surface, light modulation of 
one line can be simultaneously carried out with the pixel number of the number of side-by-side 
installation and the same number of an optical modulator. Since the optical modulator array, the 
high-output laser light source which emits an optical beam, and the transportation device to 
which relative displacement of the emitted light from an optical modulator array is carried out to 
photosensitive materials were established according to the exposure device concerning this 
invention, direct-scanning exposure of the photosensitive materials can be carried out. 



[Translation done.] 



